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ABSTRACT 

All of the N.O bands expected to absorb significantly between 4000 and 
-1 l 

6700 cm  have been listed, and the strengths of several of the stronger 

bands have been determined. Spectral curves are shown for samples at low 

pressure so that the line structure remains and for samples at approximately 

IS atm with the structure smoothed out.  The amount of absorption between 

6600 and 6650 cm  on the high wavenunber side of the head of the 00 3 

band Indicates that the extreme wings of the lines absorb less than Lorentz- 

shaped lines with the same strengths and widths. 
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INTRODUCTION AND SUMMARY 

As part of a large program to tabulate the parameters of all the signifi- 

cant absorption lines of atmospheric gases, we have recently analyzed some 

N.O data in the 4000-6700 cm  region obtained a few years ago on a different 

project. The bands in this region are generally much weaker than tne funda- 

mental bands and many of the combination bands that occur at lower wavenumbers. 
-21        -1 2 -1 

It seems unlikely that a band with strength less than 10   molecules cm cm 

would absorb significantly over any usable atmospheric path^ therefore, we 

have restricted the careful analysis to the bands above this "cut-off" 

value. Approximate strengths and upper limits have also been determined 

for several of the weaker bands, but further study would be required to 

determine their strengths accurately. 

1 2 
Druglas and Moller and Plyler, Tidwell and Allen have identified several 

of the N.O bands in the region of Interest and have published data on the 

line positions. These workers did not include information on the strengths 
3 4 

of lines or bands. Fliva '    has accumulated previous data on N.O energy 

levels and has tabulated many of the energy levels and constants from which 

line positions can be determined accurately. In a previous report , we 

listed the strengths of a few of the bands contained In this study; however, 

the previous report did not include the detailed curves and tables shown 

below. 



From data on the absorption on the high wavenmber side of the head of the 

00 3 band, we have found that the extreme wings of N.O lines are quite sub- 

Lorentzian; i.e., they absorb less than Lorentc-shaped lines with the same 

strengths and widths. 



EXPERIMENTAL PROCEDURES AND DATA ANALYSIS 

The spectral curves were scanned with a grating spectrometer and strip- 

chart recorder with the spectral resolution varying from approximately 0.2 

to 0.9 cm . Several of the curves were digitized, and a computer was 

used to calculate the transmlttance T, absorptance A, (-l/u) ^T, and 

(-l/u)/^,T dv. Samples were contained in a multiple-pass absorption cell 

with path lengths, L, up to 3290 cm. Since the cell had been cooled to 

196 K for a different project, a few transmlttance curves were obtained 

for samples at this temperature. These curves are valuable in identifying 

the temperature-sensitive difference bands which result from transitions 

from an excited vibrational level. Samples at pressures less than 1 atm 

were employed to study the line structure within the bands. In order to 

obtain information about band strengths, we used N.O + N. samples at 

approximately 15 atm so that the structure was smoothed out. Under this 

condition, the observed transmlttance is very nearly equal to the actual 

transmlttance that would be observed with Infinite revolving power. The 

quantity (-l/u)^* T is then equal to the absorption coefficient, and the 

integral of this quantity over a spectral interval is the sum of the 

strengths of the bands within the interval. The absorber thickness u is 

expressed in molecules of N-O/cm . The quantity (-l/u)^/T is essentially 

Independent of pressure for a wide range of pressures greater than about 

10 atm, which is required to smooth out the line structure. Data from 

references 1, 2, and 4 were used to identify the absorption bands and to 



determine line positions. Pllva's article Is more recent than the other 
i ' 

two and Incorporates the results of several previous articles. Therefore, 

Pllva's Values for energy levels were used in preference to others when 

they were available. 

.1 



I 

( 

SPECTRAL DATA AND BAND STRENGTHS 

Figures 1-15 show spectral curves for the regions containing the stronger 

bands between 4000 and 6700 cm . Two curves are shown for most of the 

regions. The first is a curve of absorptance for samples with line struc- 

ture, and the second is of (-l/u)^,T for higher-pressure samples. Band 

identifications and comments on the curves appear in Table 1. 

The three fundamental bands v., v», and v- are at 1284.907, 588.767, and 

2223.756 cm" /respectively. Note that v, ^" 2V, "^v,. The quantity N 

defined as 2v1 + v- + 4 v., where the v's are the vibrational quantum num- 

bers, is convenient in specifying energy levels and in estimating band 

positions. Because of the approximate relationship between v., v», and v-, 

levels having the same N are approximately equal. It follows that bands 

arising from transitions from the 00 0 level to different levels having 

the same N occur near each other. All of the important NO bands between 

4000 and 6700 cm  resulting from transitions from the 00 0 state have 

upper' levels with N between 7 and 12. 

Table 1 lists all of the bands with the 00 0 lower level and upper levels 

from N = 7 to N = 12. Values of the band centers followed by P and PTA 

are from Pliva and Plyler, Tidwell and Allen , respectively. The centers 

of several of the bands with N of 10, 11, or 12, are not given by either 

of these authors and have not been calculated since they are too weak to be 



of interest in atmospheric transmission problems. We note that for N = 7, 

8, and 9,  the band at the lowest wavenumber in each group has the largest 

v- and smallest v,. As expected, the highest wavenumber band has the 

smallest v- and largest v.. Also included in Table 1 are the numbers of 

the figures in which spectral curves of the bands can be seen. The remarks 

column contains additional information about the observance of the bands. 
-1 2 -1 

All of the stronger bands (S > 1 £-21 molecules cm cm ) can be seen in 

the figures. A few very weak bands were observed in spectral regions be- 

tween those covered by the figures. The raw data for these very weak bands 

were not analyzed. 

The strengths of several of the bands were determined by integrating 

(-l/u)/*i T over the spectral interval including the band. As discussed 

previously, the curves of (-l/\x)yvnT were based on samples at high enough 

pressure for the structure to be smoothed out. The interval integrated 

over for a particular band also contains associated difference bands arising 

from transitions from excited vlbrational states with the same changes in 

vibrational quantum numbers as the band of primary interest. The difference 

bands are weaker because of the lower population of the excited states. 

Strengths listed in Table 1 include the difference bands associated with 

the fundamental or combination band. In a few cases, it was necessary to 

account for overlapping by other bands. Care was exercised in measuring 
-21        -1 2 -1 

the bands stronger than 10   molecules cm cm . With the exception of 

the 2310 band at 4335.798 cm' , these stronger bands were measured with 

reasonable accuracy. More spectral data with good resolution are required 

in order to account for the overlapping of this band with neighboring ones. 

Upper limits and approximate strengths were determined for some of the 

weaker bands. Those indicated with an approximate sign f*-) may be in error 

by as much as a factor of 2 or 3. 

Additional information about the relative strengths of lines within the 

bands and of the different branches can be obtained from Table 2 which 

lists the cumulative integral of (-l/u)^, T. Values are tabulated each 



5 cm  and near the centers of most of the strong bands. The value of 

the Integral between any two wavenumbers listed can be determined by sub- 

tracting the corresponding values of the cumulative integral. Spectral 

regions containing only very weak bands are not included in the table. 



LINE SHAPE 

A few years ago, we Investigated the absorption on the hlgh-wavenumber 

side of the head of the 00o3 band of CO. near 7000 cm' . From the absorp- 

tion data and previous knowledge of the strengths and widths of the lines, 

we were able to infer the shapes of the extreme wings of the lines centered 

on the low wavenumber side of the band head. We found that self-broadened 

CO. lines absorbed less beyond about 5 cm  from the line centers than 

Lorentz-shaped lines with the same widths and strengths. Lines broadened 

by N. deviated even further from the Lorentz shape. 

A similar study has been made near 6600 cm' on the high wavenumber side 

of the head of the 00O3 NO band shown in Figs. 14 and 15. Between 6600 

and 6650 cm , most of the absorption by samples at pressures greater than 

a few atm is due to the extreme wings of the lines centered between 6500 

and 6600 cm . The shapes of the N.O lines inferred from these data are 

surprisingly similar to those found earlier for CO lines. The difference 

between the results from self broadening is less than the experimental un- 

certainty. The sane is also true for N.-broadened lines. 
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FIG. 12.  Spectral curve of (-l/u)j{,T between 5580 and 
5680 cm-1 for an M.O + N. sample at approxi- 
mately 15 atm. Spectral slitwidth ^0.80 cm'1. 
0 = 296 K. 
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